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TRANSLATION 



I, Kenji Kobayashi, residing at 2-46-10 Goko-Nishi, Matsudo-shi, Chiba- 
ken, Japan, state: 

that I know well both the Japanese and English languages; 

that I translated, from Japanese into English, the specification, claims, 
abstract and drawings as filed in U.S. Patent Application No. 
10/805,331, filed March 22, 2004; and 

that the attached English translation is a true and accurate translation 
to the best of my knowledge and belief. 

Dated: July 22, 2004 




TITLE OF THE INVENTION 
IMAGE FORMING APPARATUS, IMAGE FORMING METHOD, AND 
FIXING DEVICE THEREOF 

BACKGROUND OF THE INVENTION 

Recently, accompanying improvements in the 
performance of image forming apparatuses such as 
digital copiers, integrated digital devices having not 
only a copying function, but also a function as a 
printer have been developed and popularized. In such 
an image forming apparatus, even more added value with 
respect to the respective functions have been required. 

Namely, in the image forming apparatus, an image 
formed on a recording medium is fixed by a fixing 
device such as a fixing roller, and is discharged. 
With respect to the temperature control of the fixing 
roller here, there are various prior arts. 

In Jpn. Pat. Appln. KOKAI Publication No. 

2001- 185338, * Induction Heating Device and Image 
Processing Device Equipped with Same" is disclosed, and 
there is disclosed a technique in which a plurality of 
induction coils are connected in parallel, and the 
current supplies to only some coils and to the 
plurality of coils are respectively switched by 
switching operations, and a desired temperature 
distribution can be obtained. 

Further, in Jpn. Pat. Appln. KOKAI Publication No. 

2002- 40872, there is disclosed a technique in which the 
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end portions and the central portion of a heating 
roller in an induction heating type fixing device are 
detected, and by varying the switching frequency in 
accordance with the temperature difference thereof, the 
5 temperature distribution of the heating roller is made 

to be uniform. 

Furthermore, in Jpn. Pat. Appln. KOKAI Publication 
No. 2001-126856, there is disclosed a technique in 
which, in an induction heating type fixing device, a 

10 temperature difference between a temperature detection 

at the central portion and temperature detection at the 
end portions, in the longitudinal direction, of a 
fixing roller is provided for controlling, whereby it 
is possible shorten a rise time. 

15 However, in these prior arts, two-split coils are 

alternately energized (heated) at intervals of every 
given time with reference to a data table of a given 
heating ratio. Further, in a high frequency IH control, 
a high-temperature side as well is heated for the given 

20 time, thus irregularities in temperature result. In 

addition, there is the problem that because there is a 
limit to a minimum switching time due to the problem of 
a control circuit, overshooting and undershooting arise. 
BRIEF SUMMARY OF THE INVENTION 

25 One embodiment of an image forming apparatus is an 

image forming apparatus having a forming unit which 
forms an image onto a recording medium on the basis of 
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acquired image information, a fixing unit which fixes 
the formed image by heating the recording medium on 
which the image has been formed by the forming unit, 
and a control unit which generates a temperature change 
5 table by detecting the temperatures of the fixing unit, 

and which carries out a temperature control of the 
fixing unit on the basis of the temperature change 
table • 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
10 FIG, 1 is a block diagram showing a fixing unit 

and a temperature control unit of an image forming 
apparatus . 

FIG. 2 is a flowchart showing one example of a 
temperature control of the fixing unit of the image 
15 forming apparatus. 

FIG. 3 is a flowchart showing another example of 
temperature control of the fixing unit of the image 
forming apparatus . 

FIG. 4 is a temperature graph showing one example 
2 0 of temperature control of the fixing unit of the image 

forming apparatus . 

FIG. 5 is a temperature graph showing one example 
of temperature control of the fixing unit of the image 
forming apparatus . 
25 FIG. 6 is a cross sectional view showing one 

example of a mechanical configuration of the image 
forming apparatus . 



FIG. 7 is a block diagram showing one example of 
an electrical configuration of the image forming 
apparatus . 

DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, an image forming apparatus and a 
temperature controlling method of a fixing device 
thereof will be described in detail with reference to 
the drawings . 
<Image forming apparatus> 
(Configuration of temperature control) 

First, the configuration of the temperature 
control of the fixing device of the image forming 
apparatus will be described with reference to the 
drawings. FIG. 1 is a block diagram showing a fixing 
unit and a temperature control unit of the image 
forming apparatus. In FIG. 1, a fixing control unit 
117 has, as an example, a fixing roller 131, 
temperature sensors 135, 136, and 137, a temperature 
control unit 139, and a heater driving unit 138. A 
left heater unit 132, a center heater unit 133, and a 
right heater unit 134 are built in the fixing roller 
131. The temperature sensors 135, 136, and 137 detect 
the temperatures of the respective units of the fixing 
roller 131. The temperature control unit 139 receives 
the temperature signals thereof and signals from a drum 
temperature sensor 141 and a cassette temperature 
sensor 142, and incorporate a CPU for generating and 
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maintaining a temperature change table and other 
control tables, or the like. The heater driving unit 
138 receives control signals therefrom and drives the 
respective heater units 132, 133, and 134. Further, 
5 the temperature control unit 139 is operated by an 

operating panel 80. 
(Mechanical configuration) 

Next, one example of the configuration of the 
image forming apparatus will be described. FIG. 6 is a 

10 cross sectional view for explanation of a mechanical 

configuration of the image forming apparatus. This 
image forming apparatus 1 is composed of a color 
scanner unit 4 serving as an image reading unit, a 
printer unit 6, an automatic document feeder 

15 (hereinafter, ADF) 7, and the operating panel 80 which 

will be described later, etc. 

The scanner unit 4 has the ADF 7 at the top 
portion thereof, and there is provided a transparent 
glass document platen 8 which is disposed so as to face 

20 the ADF 7 in a state of being closed, and on which a 

document is set. Below the document platen 8, an 
exposure lamp 25 for illuminating the document 
placed on the document platen 8, and a first 
mirror 26 for concentrating light from the exposure 

25 lamp 25 on the document and refracting the reflected 

light from the document, for example, to the left 
direction with respect to the drawing, are fixed to a 
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first carriage 27. 

The first carriage 27 is disposed so as to be 
movable in parallel with the document platen 8, and is 
made to move reciprocally below the document platen 8 
5 by a scanning motor (not shown) via a toothed belt (not 

shown) or the like. 

Further, below the document platen 8, a second 
carriage 28 which is movable in parallel with the 
document platen 8 is disposed. Second and third 

10 mirrors 30 and 31 which successively reflect the 

reflected light from the document reflected by the 
first mirror 2 6 are attached so as to be perpendicular 
to one another at the second carriage 28. The second 
carriage 28 is driven so as to be coupled with the 

15 first carriage 27 by the toothed belt that drives the 

first carriage 27, or the like, and is moved in 
parallel along the document platen 8 at a half-speed of 
that of the first carriage 27. 

Furthermore, below the document platen 8, there 

20 are disposed an imaging lens 32 for focusing the 

reflected light from the third mirror 31 on the second 
carriage 28, and a CCD (photoelectric conversion 
element) 34 for receiving and photoelectrically 
converting the focused reflected light by the imaging 

25 lens. The imaging lens 32 is disposed so as to be 

movable via a driving mechanism within the plane 
including the optical axis of the light reflected by 
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the third mirror 31, and forms the reflected light into 
an image at a desired magnification due to the image- 
forming lens 32 itself moving. Then, the CCD 34 
photoelectrically converts the incident reflected light, 
5 and outputs an electric signal corresponding to the 

read document. 

On the other hand, the printer unit 6 has a laser 
exposure device 40 serving as latent image forming 
means. The laser exposure device 40 has a 

10 semiconductor laser serving as a light source, a 

polygon mirror serving as a scanning member which 
continuously reflects the laser beam radiated from the 
semiconductor laser, a polygon motor serving as a 
scanning motor which drives the polygon mirror so as to 

15 be rotated at a predetermined rotation speed, and an 

optical system which reflects the laser beam from the 
polygon mirror and which guides the reflected laser 
beam to a photosensitive drum 44 which will be 
described later. 

20 Moreover, the printer unit 6 has the freely 

rotatable photosensitive drum 44 which is disposed at 
the substantial center of the apparatus body and serves 
as an image carrier. The peripheral surface of the 
photosensitive drum 44 is exposed by the laser beam 

25 from the laser exposure device 40, and a desired 

electrostatic latent image is formed thereon. At the 
periphery of the photosensitive drum 44, there are 
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arranged an electrifying charger 45 which electrifies 
the peripheral surface of the photosensitive drum 44 to 
a predetermined electric charge, a developing machine 
unit 4 6 which supplies a toner serving as a developer 
5 to the electrostatic latent image formed on the 

peripheral surface of the photosensitive drum 44 to 
carry out development at a desired picture image 
density, and a transfer charger 48 which transfers a 
toner image formed on the photosensitive drum 4 4 onto a 
10 paper. 

At a position where the paper onto which the toner 
image is transferred by the transfer charger 48 is 
conveyed to, the fixing device unit 60 having the 
fixing roller 131 is disposed. The fixing roller 131 
15 fixes the toner image onto the paper by pressing and 

heating. 

At the lower portion of the apparatus body, an 
upper stage cassette 52 and a lower stage cassette 54 
which can be respectively withdrawn from the apparatus 

20 body are disposed in a state of superimposing on one 

another. A large capacity feeder 55 is provided at the 
side of these cassettes, and a paper feeding cassette 
57 serving as a hand feed tray 56 as well is mounted so 
as to be freely attachable and detachable above the 

25 large capacity feeder 55. In addition, there is 

provided the temperature sensor 142 for detecting a 
temperature of the cassette described above. 



A resist roller pair 65 is provided at the upper 
stream side of the photosensitive drum 44. The resist 
roller pair 65 corrects an inclination of the ejected 
copying paper, and matches the front end of the toner 
image on the photosensitive drum 44 with the front end 
of the copying paper, and feeds the copying paper to a 
transfer belt unit 49 at a speed which is the same as a 
moving speed of the peripheral surface of the 
photosensitive drum 44. There is provided the 
temperature sensor 141 for detecting a temperature of 
the photosensitive drum 44. 

Further, the operating panel 80 for inputting 
various copying conditions and a copy starting signal 
starting copying operation, and the like, is provided 
at the upper portion of the front surface of the 
apparatus body. 
(Electrical configuration) 

In a block diagram shown in FIG. 7, the image 
forming apparatus is composed of a control unit 
consisting of three CPUs which are the main CPU 
(central processing unit) 91 in the main control unit 
90, a scanner CPU 100 of the color scanner unit 4, a 
printer CPU 110 of the color printer unit 6. It is 
configured such that the main CPU 91 sends operating 
instructions by carrying out serial communication with 
the printer CPU 110, and the printer CPU 110 returns a 
status signal to the main CPU 91. Further, it is 
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configured such that the main CPU 91 orders operating 
instructions by carrying out serial communication with 
the scanner CPU 100, and the scanner CPU 100 returns a 
status signal to the main CPU 91. 
5 The operating panel 80 is connected to the main 

CPU 91. The main control unit 90 is composed of the 
main CPU 91, the ROM 92, the RAM 93, the NVM 94, an 
image processing unit 96, a page memory control unit 97, 
a page memory 98, and a printer controller 99. 

10 The main CPU 91 is for controlling the entire main 

control unit 90. In the ROM 92, a control program is 
stored. The RAM 93 is for temporarily storing data. 

The NVM (nonvolatile random access memory: 
nonvolatile RAM) 94 is a nonvolatile memory which is 

15 backed up by a battery (not shown) , and it is 

configured such that the data on the NVM 94 is 
maintained when the power source is turned off. 

The page memory control unit 97 is for storing 
image data in the page memory 98, and for reading the 

20 image data. The page memory 98 has a region at which 

image data of a plurality of pages can be stored, and 
is formed such that the data in which the image data 
from the scanner unit 4 is compressed can be stored for 
each page. Font data corresponding to print data are 

25 stored in a printer font ROM 121. 

The printer controller 99 includes the printer 
font ROM 121, and is for expanding the print data from 
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an external device 122 such as a personal computer into 
image data by using the font data stored in the printer 
font ROM 121 at a resolution corresponding to the data 
showing the resolution which has been provided to the 
5 print data via an input port 16, Moreover, an external 

interface 123 carries out communications of various 
types of signals with the external device 122 . 

The scanner unit 4 is composed of the scanner CPU 
100 for controlling the entire scanner unit 4; the ROM 

10 101 in which a control program or the like is stored; 

the RAM 102 for storing data; a CCD driver 103 for 
driving the CCD sensor 34; the scanner motor driver 104 
for controlling the rotations of a motor which moves 
the exposure lamp 25 and the mirrors 2 6, 30, and 31, 

15 etc.; and an image correcting unit 105 including a 

shading correction circuit for correcting 
irregularities in an A/D conversion circuit which 
converts an analog signal from the CCD sensor 34 into a 
digital signal and the CCD 34, or variations in a 

20 threshold level with respect to an output signal from 

the CCD sensor 34 due to an ambient temperature change 
or the like, and a line memory in which the digital 
signal, on which shading correction has been carried 
out, from the shading correction circuit is once stored. 

25 The printer unit 6 is composed of the printer CPU 

110 for controlling the entire printer unit 6; the ROM 

111 in which a control program or the like is stored; 
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the RAM 112 for storing data; a laser driver 113 for 
turning the light-emission (exposure) due to a 
semiconductor laser on-and-off; a polygon motor driver 
(motor control device) 114 for controlling the rotation 
speed of the polygon motor of the laser unit; a paper 
conveying unit 115 for controlling conveyance of a 
paper sheet through a conveying path; a developing 
process unit 116 for carrying out electrification, 
development, and transfer by using the electrifying 
charger 45, the developing machine unit 4 6, and the 
transfer charger 48; the fixing control unit 117 for 
controlling the fixing device unit 60; and the option 
unit 118. Further, the printer unit 6 is composed of 
an output port 13, the input port 16, and an image 
forming apparatus 2 0 which is the embodiment of the 
present invention . 

Further, the image processing unit 96 and the page 
memory 98 are connected so as to transmit and receive 
image data, and the image correcting unit 105 and the 
image processing unit are connected so as to transmit 
and receive image data. In the same way, the image 
correcting unit 105 and the color printing control 
apparatus 20 are connected so as to transmit and 
receive image data, and similarly, the printer 
controller 99 and the image processing unit 96 as well 
are connected so as to transmit and receive image data. 
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<Temperature control of fixing device of image forming 
apparatus> 

Next, the temperature control of the fixing device 
of the image forming apparatus will be described in 
5 detail by using flowcharts. FIG. 2 is a flowchart 

showing one example of the temperature control of the 
fixing unit of the image forming apparatus, FIG. 3 is a 
flowchart showing another example of the temperature 
control of the fixing unit of the image forming 

10 apparatus, FIG. 4 is a temperature graph showing one 

example of the temperature control of the fixing unit 
of the image forming apparatus, and FIG. 5 is a 
temperature graph showing one example of the 
temperature control of the fixing unit of the image 

15 forming apparatus. 

In the flowchart of FIG. 2, when an operation 
signal is provided from the operating panel 80 by the 
operation of the user, due to the operation of the 
temperature control unit 139 (this may be the printer 

20 CPU 110) included in the fixing control unit 117, the 

time corresponding to the operation signal and an 
elapsed time relating to the temperature control such 
as an energizing time of the heaters, or the like start 
to be clocked (Sll) . Thereafter, the values of the 

25 temperature sensors 135, 136, and 137 for detecting the 

temperatures of the respective units of the fixing 
roller 131 are acquired (S12) . The temperature signals 



r 



- 14 - 



from the temperature sensor 141 of the photosensitive 
drum of FIG. 6, and further, the temperature sensor 142 
of the cassette 52 are acquired (S13) . On the basis of 
the values of the signals of these sensors and the 
5 aforementioned elapsed time in being clocked, an 

inclination of temperature change (a rate of change) is 
calculated, and a temperature change table is prepared 
(S14) . The values of the temperature change table show 
whether the temperature change is sudden or the 

10 temperature change is slow. 

On the basis of the temperature sensors 135, 136, 
and 137 of the fixing roller 131, the temperature 
sensor 141 of the drum, the temperature sensor 142 of 
the cassette, the temperature change table, and further, 

15 a control table based on the values of generation of 

overshooting, which are actually measured in advance, 
timing signals Tl and T2 with the optimum timings are 
supplied from the temperature control unit 139 to the 
heater driving unit 138 in order to avoid occurrence of 

20 overshooting as shown in a ready control period in 

FIG. 5. The reason for referring to the temperature of 
the cassette and the temperature of the drum is that 
there are many cases in which the ambient temperatures 
of the cassette, the drum, or the like affect 

25 temperature changes of the heater units. In accordance 

therewith, driving signals of the center heater unit 
133, and the side (left and right) heater units 132 and 
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134 of FIG. 1 are supplied from the heater driving unit 
138, and the overshooting shown in the graph of FIG. 5 
is resolved as shown in the graph of FIG. 4. As a 
result, it is possible to carry out efficient 
5 temperature rising processing of the heater units 132, 

133, and 134 of the fixing roller 131. 
(Control table) 

Here, the control table described above is a 
control recipe which is prepared in advance in the end 

10 of trial-and-error on the basis of that the driving 

signals and overshooting of the heaters are actually 
measured. As an example, it is determined in advance 
by simulating, that, in accordance with a current 
temperature and a current temperature change, provided 

15 that what value of a driving signal is continued to 

supply for how long period, overshooting does not arise, 
and there can be maintained a state of being reaching 
the READY temperature, and in accordance therewith, a 
control table is prepared and housed. Many control 

20 tables are required because many cases have to be 

considered. Accordingly, as an example, when ^ current 
temperature" and * current temperature change" are 
detected, at least control tables corresponding to the 
two values among the large number of tables are 

25 selectively accessed, and the temperature control unit 

139 supplies the control signals Tl and T2 having the 
sizes and the time lengths which the tables show, to 
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the heater driving unit 138. 
(Center heater and side heater) 

Moreover, the fixing roller 131 has the center 
heater unit 133 at the central portion and the heater 
5 units 132 and 134 at the both sides as shown in FIG. 1, 

and if those are not made to appropriately rise in 
temperature, irregularities in the temperatures arise. 
Accordingly, it is preferable that the it is simulated 
in advance that both heaters are made to rise in 

10 temperature thereof with what timings, many control 

tables corresponding thereto are prepared in advance, 
appropriate tables are read out in accordance with a 
situation, and switching of the center heater unit 133 
(Tl) and the side heater units 132 and 134 (T2) is 

15 carried out on the basis of the tables. 

Further, in the case of requiring about one second 
from the time of actually switching a temperature until 
the rate of a rise in temperature is inverted due to 
the output following-up, for example, given that the 

20 rate of a rise in temperature of the center heater unit 

133 is 2°C/second, and the rate of a rise in temperature 
of the side heater units 132 and 134 is l°C/second, a 
temperature difference therebetween is reduced by 1°C 
per one second. 

25 Given that the current temperature of the heater 

unit Tl is 50°C, and the current temperature of the 
heater unit T2 is 55°C, as an example, the temperatures 
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follows . 






time (seconds) 


Tl 


T2 


0 


50°C 


55°C 


1 


52°C 


56°C 
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54°C 


57°C 


3 


56*0 


58°C 


4 


58^C 


59°C 


5 


60°C 


60°C 


6 


62°C 


61°C 


7 


64°C 


62°C 



10 

Here, for example, because it has been already 
known that the temperatures are inverted after six 
seconds, a control table for carrying out temperature 
switching is provided in advance in order to avoid the 

15 overshooting which will arise at a point in time after 

four seconds or five seconds. This is preferably a 
control table in which the time is determined in 
consideration of not only * current time" but also the 
current * temperature change". 

20 As an example of another control method, as shown 

in the flowchart of FIG. 3, after the power source is 
turned on, it reaches the READY temperature (S21), a 
READY display is carried out by the operating panel 80 
or the like (S24) . When it has not reached the READY 

25 temperature, it is determined whether or not the 

temperature at the center heater unit side is less than 
the temperatures at the side heater unit sides (S22) . 
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When the temperature at the center heater unit side is 
less than the temperatures at the side heater unit 
sides, the center heater unit 133 is activated (S25) . 
When the temperatures at the center heater unit side is 
5 greater than the temperature at the side heater unit 

sides, the side heater units 132 and 134 are activated 
(S23) . In accordance therewith, the balance of the 
temperatures between the center heater unit 133 and the 
side heater units 1 132 and 134 can be maintained. 

10 Further, as an example of another control table, 

as shown in FIG. 4, it is preferable that the duty 
ratio of the heating times of the center heater unit 
133 (Tl) and the side heater units 132 and 134 (T2) be 
changed in accordance with the current * temperature 

15 change" . In addition, the control signals Tl and T2 

are merely outputted at 0% or 100%, as shown in FIG. 4, 
but it is preferable that the control signals Tl and T2 
are outputted gradually by, such as, 250 W, 400 W, 
600 W, and 900 W, or 200 W, 400 W, 435 W, and 700 W, or 

20 the like. 

Moreover, it is preferable that a case where a 
paper sheet which is a recording medium is passing 
through the fixing roller 131 and a case of warming-up 
are respectively detected, and the control tables 

25 having the values corresponding to the situations are 

prepared, and temperature control is carried out by 
appropriately accessing thereto. 



In accordance with various embodiments described 
above, the skilled in the art can realize the present 
invention. However, it is easy for those skilled in 
the art to further conceive of various modifications to 
these embodiments, and the present invention can be 
applied to various embodiments without inventive 
ability. Accordingly, the present invention extends 
over a broad range which does not contradict the 
disclosed principles and the novel features, and is not 
limited to the embodiments described above. 



